V iruses, which infect a myriad of cell types from bacteria to mammalian cells, are the ultimate parasites. Upon infection of a host cell, these entities replicate their genetic material, express the proteins required to form mature viral particles, and exit the cell to initiate a subsequent round of infection. At all of these stages, viruses rely heavily on host resources and factors. It is, therefore, not surprising that the study of viral life cycles has contributed enormously to our understanding of basic cellular physiology. Furthermore, virusinduced diseases are perhaps the most prevalent pathological states in human beings; thus, understanding virus interactions with the human host has had an important medical impact. Much of our understanding of viral reproduction comes from genetic studies of virus-host interactions. For example, genetic analysis has proven to be a powerful tool for studying virus (phage)-host interactions in bacteria. Mutants of both phage and their host bacteria have allowed detailed understanding of the functions of phage genes, the functions of host factors hijacked by the phage, and the host defenses that inhibit phage reproduction (1) . Genetic analysis has been similarly informative in analyzing the interactions between viruses and their plant hosts (2) . The story is significantly different in animals, however, where genetic studies of virus-host interactions have generally been one-sided, focusing principally on the viral genome. Although human and murine mutations affecting various aspects of virus-host interactions have been described (3), a systematic, unbiased genetic approach to studying such interactions in these systems has not been possible. Natural viruses that attack the fruit fly Drosophila melanogaster exist, and a systematic genetic dissection of Drosophila C virus replication in cultured cells has been published recently (4); however, although some of the requirements for C virus to infect WT flies have been characterized (5), replication of these viruses in living animals has not been extensively studied. A natural virus for the nematode Caenorhabditis elegans has not been described; thus, until recently, this organism was not considered an appropriate model organism for studying virus-host interactions. However, the situation may be about to change. A series of articles published over the past few months, including an article by Liu et al. (6) in this issue of PNAS, now demonstrates that viruses that infect mammalian cells can infect, replicate, and assemble within C. elegans cells (7) (8) (9) . These advances suggest that C. elegans could become an important system for understanding basic aspects of virus-host interplay.
Why would C. elegans be worth investigating as a host for virus reproduction? One answer lies in the powerful resources available for genetic analysis in this organism. Random mutagenesis to generate C. elegans strains resistant or hypersensitive to pathogens can be, in principle, easily accomplished (10-12) and detailed genetic and physical maps of C. elegans make the identification of mutant genes a relatively simple endeavor. RNA interference (RNAi) can also be used to inhibit gene function (13) and could be used to identify genes that cannot be targeted by using mutagenesis-based approaches. Indeed, genome-scale screens using RNAi are now commonplace (14, 15) . Using these genetic strategies, several groups have identified interactions between C. elegans and pathogenic bacteria and fungi. These studies have led to the identification of innate immune mechanisms similar to those described in Drosophila and mammals and have also revealed novel mechanisms used by C. elegans to control pathogenesis (10) (11) (12) .
The small cell number (959 somatic cells) and the transparency of its cuticle also make C. elegans attractive for studying viral reproduction. These properties allow the movements of subcellular particles to be tracked in living animals, a feat difficult to achieve in other model metazoans. Thus, for example, appropriately tagged viral proteins could be followed within infected cells in vivo to understand cell biological aspects of viral reproduction.
Although whole-animal and genetic studies are useful, using single cells to follow the viral life cycle offers important advantages, including the ability to examine the process at higher resolution and in biochemical detail. Most studies of mammalian viruses use cell lines to characterize viral reproduction and host resistance. Recently, simple methods for culturing primary embryonic cells from C. elegans have been developed that make studies of viral reproduction within isolated cells possible (16, 17) . Using this technology, primary cells derived from C. elegans mutants resistant or hypersensitive to virus (identified, for example, by using the genetic strategies described above) could be studied in detail to reveal the stage of viral reproduction affected in the mutants. Although immortal C. elegans cell lines do not yet exist, these lines may not be necessary because primary cells may recapitulate the in vivo cellular environment more accurately than transformed cells.
Finally, it turns out that two key antiviral pathways operating in mammalian cells have been extensively studied, in other contexts, in C. elegans. The first involves cellular responses to dsRNA, an intermediate produced during the life cycle of many viruses. In mammalian cells, dsRNA is a potent trigger of IFN-mediated responses, which include the activation of nucleases that degrade the viral genome (18) . In addition, recent studies also suggest that viral RNA may trigger the RNAi pathway (19) , which also promotes cleavage of viral messages. The second pathway leads to the programmed cell death of virus-infected cells and is induced either by intracellular triggers or by the immune system (20) . Many mutant strains of C. elegans exist that are defective in these pathways, and their genetics are understood in unparalleled detail. Indeed, these pathways were discovered and characterized first in C. elegans (13, 21) . Thus, virus-host interactions involving RNAi and cell death could be studied in C. elegans at high resolution.
Although a natural virus for C. elegans is not known, several groups have attempted to use viruses with promiscuous host specificities to examine whether these can infect, replicate, and assemble in C. elegans. Wilkins et al. (7) and Schott et al. (8) recently showed that cultured primary cells from C. elegans embryos could be infected with vesicular stomatitis virus (VSV), a negative-strand RNA virus able to infect both insects and mammals. They showed that VSV could enter C. elegans cells, express viral proteins, and produce new infectious viral particles. Remarkably, both groups showed that RNAi plays a key role in restricting viral reproduction in C. elegans. Specifically, mutations in the C. elegans rde-1 gene, an argonaute family member, or in the rde-4 gene, encoding a dsRNA-binding protein that interacts with the RDE-1 protein, resulted in a marked increase in virus production, suggesting that the RNAi pathway inhibits viral reproduction in these cells. Consistent with this observation, both groups demonstrated that mutations that enhance cellular RNAi responses reduced viral infectivity.
In a different set of experiments, Lu et al. (9) demonstrated a convincing genetic interaction between the C. elegans RNAi pathway and a viral protein that inhibits RNAi. These authors examined genome replication of the Flock house virus (FHV), a positive-strand RNA virus that has a large spectrum of hosts, including plants, yeast, insects, and mammalian cells. In these studies, FHV RNA was produced in living C. elegans from a transgene containing a heatshock promoter driving expression of DNA encoding the viral genome. The authors showed that a point mutation disrupting the ORF of the viral B2 gene greatly reduced viral replication. Remarkably, inactivating RNAi by a mutation in rde-1 allowed the mutant FHV RNA to be replicated, suggesting that RNAi plays a key role in restricting FHV replication in C. elegans and that the B2 gene functions to inhibit the RNAi pathway (Fig. 1) .
It makes sense for the cell to use RNAi to interfere with the replication of RNA viruses, because dsRNA is an integral part of the RNA virus life cycle. Although some DNA viruses also encode proteins that inhibit RNAi, suggesting that their hosts do mount an RNAi response, many DNA viruses encode proteins meant to inhibit other cellular defense mechanisms, including programmed cell death. To address whether C. elegans can be infected by DNA viruses and whether it is able to mount an appropriate response, Liu et al. (6) examined whether C. elegans could be infected with vaccinia virus (VV), an enveloped DNA poxvirus with a broad host range. They developed a method to permeabilize living animals by using polyethylene glycol (PEG), leaving Ϸ75% of animals alive and allowing successful VV infection. Interestingly, the authors showed that key components of the core programmed cell death machinery played roles in restricting VV replication. Specifically, loss-of-function mutations in the ced-3 caspase-encoding gene, or in the ced-4͞Apaf-1 adapter gene, required for converting proCED-3 caspase to the mature form, resulted in a 2-fold increase in VV replication. Similarly, a gain-offunction mutation in ced-9, encoding an antiapoptotic Bcl-2-related protein, or loss-of-function mutations in the egl-1 gene, encoding a BH3-only protein that antagonizes the CED-9 protein, allowed increased VV replication. This apparent increase in replication could not be attributed to the presence of additional ''undead'' cells in these mutants, because mutants affecting cell division, which contained many additional cells, did not serve as better hosts for the virus.
Although these results are consistent with programmed cell death playing an important role in VV restriction in C. elegans (Fig. 1) , Liu et al. (6) were unable to show excess cell death in VV-infected animals. One possible explanation for these results is that the C. elegans cell death pathway restricts VV infection in a previously undescribed, cell deathindependent manner. Alternatively, cell death induced by VV may use components of the canonical cell death pathway but may be morphologically or dynamically distinct from cell death normally seen in C. elegans and, therefore, would not be detected. Interestingly, Ͼ80% of VV-infected animals eventually died; however, death was independent of the programmed cell death pathway, suggesting that this pathway was not sufficient to generate a complete response against the virus.
The results of the studies discussed here are exciting and suggest that C. elegans may become an important system to study virus-host interactions; however, several issues still remain to be addressed. For example, although viral infections of C. elegans could be demonstrated for multiple viruses, all of these studies required high viral titers, and replication was modest in comparison to other well established systems. These problems highlight the somewhat contrived nature of these studies and suggest that identifying a virus for which C. elegans is a true host would be of significant importance. A second issue is that the systems currently available for studying viral reproduction in C. elegans do not yet allow utilization of the full power of genetic analysis in this animal. Specifically, unbiased genetic screens to identify mutant genetic backgrounds defective in VSV reproduction cannot be carried out easily in cell culture. Furthermore, a high proportion of PEG-treated animals either fail to take up VV or are not killed by its presence, precluding the isolation of rare mutants exhibiting defects in either viral replication or resistance to virus. However, the FHV transgenic strategy could be modified to allow large-scale genetic screens if appropriate reporters were engineered that correlated with levels of virus replication.
C. elegans has proven, perhaps surprisingly, to be an important organism for understanding basic cellular processes such as RNAi and programmed cell death. It may surprise us yet again in revealing the secrets of virus-host interactions. 
